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Available online 24 December 2013AbstractThe ventilatory threshold (VT), or respiratory compensation point, is an important respiratory-metabolic marker of aerobic fitness. Exercise at
VT intensity provides an optimal stimulus for body mass loss and improvement in aerobic fitness. The use of ratings of perceived exertion (RPE)
to self-regulate exercise intensity is more feasible than prescribing exercise using oxygen consumption ð _VO2Þ and heart rate (HR). Identifying
RPE at the VT (RPEVT) is an optimal intensity target for perceptually regulated exercise. The aim of this study was to compare the RPEVT
among normal body mass, overweight, and obese sedentary women, according to body mass index (BMI). Each participant performed a maximal
graded treadmill test, where RPE, pulmonary ventilation, _VO2, carbon dioxide output, and HR were monitored, and VT was determined. The
RPEVTwas identified as the RPE estimated during the minute the VT occurred. _VO2, percentage of maximal _VO2 ð% _VO2maxÞ, and percentage of
maximal HR (%HRmax) at the VT and RPEVT were compared among groups using analysis of variance. Obese women exhibited lower _VO2 ,
% _VO2max, and %HRmax at the VT than other groups, with no differences between normal and overweight women. However, RPEVT was similar
among groups. In summary, RPEVT was approximately 12 in sedentary women, regardless of BMI classification.
Copyright  2013, The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Exercise intensity is a determinant variable of training
prescription to improve and maintain fitness and health-related
adaptations to cardiorespiratory training.1 Classical methods
to determine exercise intensity are based on physiological
variables [e.g., heart rate (HR), oxygen uptake]. Based on
maximal HR (HRmax) and maximal oxygen uptake ð _VO2maxÞ,
moderate intensity cardiorespiratory training is between* Corresponding author. Department of Physical Education, Federal Uni-
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access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd64e76% and 46e63%, respectively; and vigorous intensity is
between 77e95% and 64e90%, respectively.1 However, those
parameters based on maximal criteria do not account for in-
dividual differences in ventilatory threshold (VT).
The use of the VT, which is a marker that reflects the contri-
bution of aerobic and anaerobic metabolism during exercise,
provides a better parameter for exercise prescription.2,3 For
example, during the same HR or _VO2 training zone, some in-
dividualsmay be exercising at an intensity of below theVT,while
others are above the VT. The advantage of exercise performed
close to or at the individual’s VT is the minimization of
discomfort associated with hydrogen ion accumulation during
exercise.4 Furthermore, exercise performed close to or at the VT
has been shown to improve cardiorespiratory fitness and health.4cise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an open
/4.0/).
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Sports Medicine1 recommends that a rating on a perceived
exertion (RPE) scale5e7 can be used to modulate or refine the
prescribed exercise intensity, due to its association with
corollary physiological mediators during exercise (HR, blood
lactate, % _VO2max, _VO2, ventilation, and respiration rate).
5e7
Perceived exertion can be defined as the subjective intensity
of effort, strain, discomfort, and/or fatigue that is experienced
during exercise. Thus, the individual can monitor and
evaluate exercise intensity through feelings of strain in
the muscles, joints, and cardiopulmonary system while
exercising.5e8
Therefore, the identification of a specific RPE value,
associated with the VT (RPEVT), may be an effective strategy
to guide cardiorespiratory training intensity, particularly from
a public health perspective. Thus, the individuals can regulate
exercise intensity (e.g., walking or running speed) based on
their own perceptual sense.9 However, previous studies have
shown that there is considerable variability in the RPEVT
among adults, ranging from 11 to 14, using Borg’s
scale.2,10e13 In general, these studies analyzed the influence of
gender, training level, exercise modality, and exercise proto-
col, evaluating only people with normal body mass.2,10e13
Particularly in overweight and obese individuals, the
identification of the RPEVT has important implications,
because exercise performed above the VT in these groups is
associated with greater pain sensation, physical discomfort,
and feelings of displeasure than in groups with normal body
mass.14e16 To date, no study has identified the RPEVT in
women with different nutritional status. Thus, the aim of this
study was to identify and compare the RPEVT in normal body
mass, overweight, and obese sedentary women.
Methods
The study consisted of three familiarization sessions, fol-
lowed by a session to evaluate anthropometric measurements,
according to the procedures of Gordon et al.17 and maximal
cardiopulmonary fitness. Sessions were separated by at least
48e72 hours. The participants were instructed to abstain from
vigorous physical activity, caffeinated products, and alcohol
24 hours before the experimental session.18 All sessions were
conducted with participants wearing athletic apparel and
footwear.ParticipantsA total of 66 sedentary women (20e45 years old) partici-
pated in this cross-sectional study. The statistical power
observed was 0.70, based on an alpha level of 0.05.19 A
physician cleared all potential candidates, classifying them as
apparently healthy based on the absence of previous diagnosis
of cardiovascular, metabolic, and orthopedic disease, or
any other contraindications, as determined by a medical his-
tory questionnaire and the physical activity readiness ques-
tionnaire.20 This study was approved by the Institutional
Ethics Committee (CEP/SD: 1087.012.11.03 e CAAE:0014.0.091.000-11) and all volunteers gave written informed
consent, according to the declaration of Helsinki.
Height (cm; Sanny stadiometer, Sa˜o Paulo, Brazil) and
body mass (kg; Toledo scale, Sao Paulo, Brazil) were assessed
using previously described techniques.17 The body mass index
(BMI) was calculated as body mass in kilograms divided by
the square of height in meters (kg/m2); normal body mass was
defined as a BMI between 18.5 and 24.9 kg/m2; overweight
was defined as a BMI between 25.0 and 29.9 kg/m2; obese was
defined as a BMI > 30.0 kg/m2, according to the World Health
Organization categories.21 The volunteers were divided into
the following three groups according to their BMI: normal
body mass (n ¼ 22); overweight (n ¼ 22), and obese (n ¼ 22).Procedures
Cardiopulmonary exercise test
Before starting the maximal cardiopulmonary exercise test,
participants were familiarized with the open-circuit respira-
tory-metabolic system and treadmill. During the familiariza-
tion, participants walked on a motor-driven treadmill (Model
X Fit 7; Reebok Fitness, London, UK) at 0% grade for 5
minutes at a self-selected pace. Before each test, the
respiratory-metabolic analyzers were calibrated with standard
gases of known concentration [standard temperature, pressure,
dry (STPD)].
Volunteers were submitted to a maximal graded treadmill
test using a previously described protocol.22 _VO2 (mL/kg/
minute), carbon dioxide output ( _VCO2, mL/kg/minute), and
pulmonary ventilation (VE, L/minute) were measured every
30 seconds using an open-circuit respiratory-metabolic system
(STPD; TrueMax 2400, Parvo Medics, Salt Lake City, UT,
USA). Before initiating the cardiopulmonary exercise test, the
volunteers performed a standard warm-up consisting of 5
minutes of walking at 1.11 m/second followed by 1 minute of
seated rest. Subsequently, the test began at 1.11 m/second with
0% grade for 2 minutes. Subsequently, the speed was
increased by 0.18 m/second every 2 minutes, while the
treadmill grade remained constant until the volitional
exhaustion of the participant.22 _VO2peak was determined by the
presence of at least two of the following criteria: (1) plateau of
_VO2 (change of <2.1 mL/kg/minute over the last three
consecutive 30-second values), (2) a respiratory-exchange
ratio 1.10, and (3) HR within 10 beats/minute of the
age-predicted HRmax.
23 HR (beats/minute) was continuously
recorded throughout the test using a Polar Monitoring System
(Polar Electro, Oy, Kempele, Finland).
The VT was assessed for each participant using the venti-
latory equivalent method, and was identified as the period at
which an exponential rise in _VE= _VO2 occurred without a
similar increase in _VE= _VCO2.
24,25 The visual identification of
the VT was carried out independently by two experienced
investigators. When the two VT values were within 3% (mL/
minute) of one another, a mean was obtained and the values
were accepted. However, if the two VT values were higher
than a 3% difference, a third investigator analyzed the car-
diopulmonary exercise test data to detect the VT.25
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The Borg’s (6e20) RPE scale was used to assess whole-
body perceived exertion during exercise. Before the cardio-
pulmonary exercise test, all participants were read standard-
ized instructions.7,26 The low and high perceptual anchors for
the RPE scale were established during the maximal cardio-
pulmonary exercise test. A rating of 6 (low anchor) was
assigned to the lowest exercise intensity, whereas a rating of 20
was assigned to the highest exercise intensity.7 The meaning of
the perception of physical exertion was initially explained; this
was defined as an intensity exertion, discomfort, stress, or
fatigue that the individual feels during exercise. The following
specific instructions were read to participants6: “Please use this
scale to translate into numbers your feelings of exertion while
exercising. The numbers on the scale represent a range of
feelings from very, very light to very, very hard. To help you
select a number that corresponds to your feelings regarding the
exercise, consider the following: When the exercise exertion
feels very, very light, respond with a number 7. For example,
you should respond with a number 7 when you are walking
very slowly on the treadmill. When the exercise exertion feels
very, very hard, respond with a number 19. For example, a
response of 19 is appropriate when your feelings of exertion
are the same as when you run on a treadmill almost as fast and
hard as you can. If your exercise feelings are less intense than
very, very light, respond with a number 6, and if your feelings
are more intense than very, very hard, respond with a number
20. When you rate your overall exertion, be sure to select the
number that most accurately represents your whole body’s
feelings. If the exercise exertion feels somewhere between
very, very light (RPE 7) and very, very hard (RPE 19) then you
should give a number of between 7 and 19.”
The RPE values were recorded during the last 15 seconds
of each minute throughout the maximal cardiopulmonary test.
The RPEVTwas determined for each participant using the RPE
estimated during the minute the VT occurred. Thereafter, an
individual linear regression equation was used to confirm the
RPEVT. No significant difference was observed in the deter-
mination of RPEVT between the two methods ( p < 0.05).
Therefore, the RPE estimated during the minute the VT
occurred was used in the analysis.Statistical analysisTable 1
Characteristics of study sample.
Normal body mass Overweight Obese
Age (y) 30.8  9.3 34.8  8.6 33.5  8.5
Body mass (kg) 58.5  6.8 68.3  8.8* 89.3  8.9*,**
Height (cm) 162.6  7.0 160.2  7.4 160.1  5.6
BMI (kg/m2) 22.0  1.6 26.4  1.3* 34.9  4.1*,**
Values are presented as mean  standard deviation.
*Significant difference from normal body mass ( p < 0.05).
**Significant difference from overweight ( p < 0.05).
BMI ¼ body mass index.Descriptive data are presented as means and standard de-
viations. A one-way analysis of variance (ANOVA) was used
to compare participants’ characteristics among the groups
(normal body mass, overweight, and obese). A one-way
ANOVA was used to analyze the differences among groups
for RPE, _VO2, and HR at the VT. Tukey post hoc analyses
were used to determine significant main and interaction ef-
fects, with statistical significance set at p < 0.05.
Results
The characteristics of the sample are summarized in Table 1.
Table 2 shows the results for cardiopulmonary parametersrelated to the maximal exercise test. The obese group showed
lower _VO2max, _VO2 at VT, % _VO2max at VT, and %HRmax at the
VT than the normal body mass and overweight groups
( p < 0.05). There were no differences between the normal
body mass and overweight groups ( p > 0.05).
Fig. 1 shows the RPEVT during the maximal exercise test in
the women with different BMI. There was no difference be-
tween groups ( p > 0.05): RPE ¼ 12.1  1.4 for normal body
mass women; RPE ¼ 12.0  1.6 for overweight women; and
RPE ¼ 12.0  1.4 for obese women.
Discussion
The purpose of this study was to identify a specific RPEVT
in sedentary women, and to analyze whether there were dif-
ferences in RPEVT among normal body mass, overweight, and
obese groups. We found that the volunteers perceived the ex-
ercise intensity associated with the VT as between light and
somewhat hard (Borg RPE ¼ 12), independently of BMI.
These results are consistent with previous studies that reported
a mean RPE value between 11 and 14 at the VT or lactate
threshold in different populations (active men and women,
sedentary middle-aged men, young trained men, trained cy-
clists, and type 2 diabetes individuals).2,10e13,27
Several studies have demonstrated the benefits of cardio-
respiratory training at exercise intensities of close to or at the
VT for physical fitness and health.28 However, in clinical
settings, it is often not possible to acquire expensive equip-
ment to monitor cardiorespiratory exercise intensity (e.g., HR
monitor, metabolic measurement equipment). Recent studies
have shown that perceived exertion is a valid means of eval-
uating VT, demonstrating acceptable correlation with VT. As
such, this method may be recommended to predict maximal
functional capacity in sedentary males,29 young and middle to
older-aged individuals who are active or sedentary,30 and
obese women.31e33 In addition, previous investigations have
shown the efficacy of exercise training involving exercise in-
tensity using perceptually regulated training at a target
RPE.8,9,32,34 Ce´line et al.34 found that a 6-week exercise pro-
gram involving perceptually regulated training at an individ-
ualized RPEVT resulted in a mean improvement in VO2max of
10% in healthy young women. Parfitt et al.35 found that an 8-
week exercise program involving perceptually regulated
training at an RPE of 13 on the Borg Scale resulted in mean
improvements in _VO2max, mean arterial pressure, cholesterol,
Table 2




_VO2max (mL/kg/minute) 34.8  7.5 31.7  5.1 25.5  4.1*,**
HRmax (bpm) 184.6  12.0 179.7  14.4 180.1  9.3
_VEmax (L/minute) 57.7  10.4 61.3  9.6 64.1  9.7
RERmax 1.16  0.06 1.13  0.07 1.17  0.06
_VO2VT (L/minute) 1.40  0.04 1.53  0.03 1.67  0.02
_VO2VT (mL/kg/minute) 24.0  5.9 22.5  4.4 18.8  3.1*,**
% _VO2maxVT 74.9  12.8 71.4  9.7 68.8  6.8*,**
HRVT 149.4  15.9 150.1  15.3 154.9  9.1
%HRmaxVT 86.1  5.3 83.5  5.8 80.9  6.8*,**
Values are presented as mean  standard deviation.
*Significant difference compared with normal body mass ( p < 0.05).
**Significant difference compared to overweight ( p < 0.05).
HRmax ¼ maximal heart rate; HRVT ¼ heart rate at ventilatory threshold;
RERmax ¼ maximal respiratory-exchange ratio; _VEmax ¼ maximal ventilation
per minute; _VO2max ¼ maximal oxygen consumption; _VO2VT ¼ oxygen
consumption at ventilatory threshold; %HRmaxVT ¼ percentage of maximal
heart rate at ventilatory threshold; % _VO2maxVT ¼ percentage of maximal ox-
ygen consumption at ventilatory threshold.
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et al.36 in a cohort of 2560 participants, reported a very high
competency in the assessment of RPE in relation to metabolic
(lactate concentrations) and cardiac (HR) intensity parameters,
and found that RPE at LT1 was approximately 11 in all
groups. From a public health perspective, exercise intensity
perceptually regulated at RPEVT may be an effective strategy
to be implemented and disseminated for clinical practice.
Based on the current results, perceptually regulated exercise
intensity at an RPE of 12 may be a practical, simple, nonin-
vasive, and low-cost method to guide exercise intensity at the
VT in sedentary women, regardless of BMI classification.
Further longitudinal research is necessary to confirm whether
cardiorespiratory benefit can be achieved with exercise pro-
gramming using RPE-based exercise intensity in normal body
mass, overweight, and obese women.Fig. 1. The rating of perceived exertion at the ventilatory threshold during the
maximal exercise test in normal body mass, overweight, and obese sedentary
women. The horizontal line represents the mean value. RPE ¼ ratings of
perceived exertion.Obese individuals usually have lower aerobic fitness
compared with normal body mass and overweight in-
dividuals.14,16,37 Our study supports this idea, given that the
obese group showed a lower value of _VO2max than normal
body mass and overweight women. In addition, the obese
women achieved VT at a lower relative exercise intensity
(% _VO2max and %HRmax). This finding confirms the assump-
tion that individuals with lower cardiopulmonary fitness reach
the VT at a lower relative exercise intensity. Results indicate
that the prescription of cardiorespiratory training intensity,
based on physiological variables (% _VO2max or %HRmax),
should consider the differences in BMI (Table 2). Therefore, a
specific training zone based on % _VO2max or %HRmax should
be prescribed for normal body mass, overweight, and obese
women. However, according to our results, these differences in
BMI do not need to be considered if the RPE method is
adopted.
In a recent study, Parfitt et al.9 related that 8 weeks of
cardiorespiratory training (3 days/week; 30 minutes/session) at
a RPE value of 13 (somewhat hard) improved _VO2max
(17.2%), mean arterial blood pressure (7.0%), total cholesterol
(12.5%), and BMI (0.7%) in previously sedentary individuals
(n ¼ 16), in comparison with a control group (n ¼ 10).
Moreover, during the training session at RPE 13, _VO2
increased from Week 1 (19.2  1.1 mL/kg/minute) to Week 8
(23.4  1.1 mL/kg/minute) ( p < 0.05). In addition, it is
important to highlight that the exercise intensities selected by
the volunteers were perceived as pleasant.
From a theoretical application, we demonstrated that the
VT can be associated with a different relative physiological
point (% _VO2max or %HRmax). However, it was observed that
the RPEVT does not differentiate between BMI groups. As
such, we speculate that RPEVT is a more important marker
than % _VO2max and %HRmax. Collectively, these studies plainly
support the consensus that RPE reflects the integration of a set
of sensory cues and not any single physiological mediator.7,38
The identification of an RPEVT has application in exercise
testing and prescription.26 The present findings indicate that
the exercise intensity equivalent to the VT during a graded
treadmill test can be identified using a stable RPEVT.
26 In
addition, the utilization of this procedure eliminates the
technically complex assessment of VE and respiratory gas
exchange typically used to determine the VT.13 Furthermore,
use of RPEVT is particularly advantageous when assessing the
VT in overweight and obese women who may have difficulty
conforming to the time and instrumentation demands of
respiratory-metabolic measurements. Once identified, the
RPEVT can be a prescriptive reference to regulate exercise
intensities.26 However, our findings are limited by the fact that
we did not assess the testeretest reliability of RPEVT.
Nevertheless, studies using different protocols with individuals
of differing characteristics demonstrated the reliability of the
RPE scale for rating exercise intensity when the latter is
expressed as either HR or VO2.
7,39
In conclusion, we found a RPEVT of 12 in sedentary
women, independently of BMI. Thus, the ratings light and
somewhat hard on Borg’s (6e20) RPE scale were equivalent
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However, we observed a greater %HRmax at the VT in obese
individuals. During moderate-to-heavy exercise intensities, the
RPE reported by normal body mass, overweight, and obese
participants was more consistent with metabolic and gas-
exchange alterations initiated at the VT than %HRmax. These
results add further substance to the merits of RPE in exercise
prescription, especially for women involved in group training
sessions.
The finding that individuals of various BMI classifications
perceive the point of the VT in a similar manner indicates that
RPE may be used for regulating similar exercise intensities, in
relation to the VT, in a group of individuals. However, the
current investigation did not differentiate between individuals
of varying classes of obesity, as determined by BMI. Future
research should compare the RPEVT of individuals within
Class I (30.0e34.9 kg/m2), Class II (35.0e39.9 kg/m2), and
Class III (40.0 kg/m2) obesity to confirm the current results.
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